Background: Breast cancer (BC) displays different clinicopathological features and outcomes based on patient age, molecular subtype, and treatment. However, such features in BC patients in northwest China are unclear. This study investigated the clinicopathological features and overall survival (OS) of early stage BC patients using a population-based study. Methods: Patients who were newly diagnosed with BC at the First Affiliated Hospital of Xi'an Jiaotong University between January 2001 and June 2012 were included. Clinicopathological features and OS were assessed. Results: The median age of 1287 patients was 50 years, with an average tumor size of 2.65 cm. Additionally, 42.7% were luminal A, 25.6% luminal B, 9.3% Her2 overexpression, and 17.7% triple negative. The cut-off age was 35 years, and young patients (< 35) tended to have larger tumors, ≥ 4 positive lymph nodes, grade 2 or 3 histology, non-luminal types, high Ki67, and poor outcomes. Patients with luminal A tumors showed moderate features: 50.6% had tumors < 2 cm, 56.7% had negative lymph nodes. Patients with Her2 overexpression tumors showed aggressive features and the poorest survival (5-year OS 67.6%). Patients with triple negative tumors were the youngest (average 48.4 years), but had the largest proportion of grade 3 histology and poor outcomes. Conclusion: Our results are consistent with those in other provinces in China, but showed an earlier age at diagnosis and more aggressive pathological features compared to developed countries. Additionally, each molecular subtype showed specific features and different survival outcomes.
Introduction
Breast cancer (BC) is the most frequently occurring cancer in women around the world. 1 According to 2012 GLOBOCAN statistics, 2 1.67 million women were diagnosed with BC worldwide, with 522 000 related deaths, an increase of nearly 18% from 2008. Data from China also demonstrated the highest incidence (268.6/100 000) and a high mortality (70.7/100 000) rates in women of all ages in 2015. BC is a common cancer with a significant upward trend in age-standardized incidence rates and mortality, 3 and has therefore become a major public health problem worldwide.
In order to administer proper preventive measures and treatment for BC, information of clinical and pathological features is needed. Studies of BC patients in different countries, including the United States, 4, 5 Switzerland, 6 Chile, 7 Iran, 8 India, 9 and South Korea, 10 have been conducted, however, with differing results. Differences in results exist even within the scope of China. For example, data from Guangzhou on molecular subtypes showed 31.1% patients with luminal A and 43.5% luminal B tumors, while results from Wuhan were 24% and 39%, respectively. 11, 12 These differences may be a result of race, economy, education, and policy, among other aspects. Therefore, data from other regions cannot provide information for a specific area. The present study aimed to investigate the clinicopathological features and survival of early BC patients in northwest China, which has rarely been covered in previous studies, in order to contribute a solution to this public health problem.
Methods

Data source
Data was obtained from the First Affiliated Hospital of Xi'an Jiaotong University, and women who were newly diagnosed with BC between January 2001 and June 2012 were included. The exclusion criteria were: (i) patients with incomplete pathological records, without information of estrogen receptor (ER), progesterone receptor (PR), or human epidermal growth factor receptor 2(Her2) status; (ii) patients with a Her2 result of 2+ by immunohistochemistry, but without further assessment by fluorescence in situ hybridization (FISH); (iii) patients with other malignant disease that may influence survival; (iv) men with BC; (v) patients who had received neoadjuvant chemotherapy; and (vi) patients diagnosed with stage IV BC. A total of 1287 women were included in the present study and a database was established to process the data.
All procedures performed in studies involving human participants were in accordance with The Code of Ethics of the Declaration of Helsinki and the ethical standards of the institutional ethics committee of the First Affiliated Hospital of Xi'an Jiaotong University. All personal information was removed or disguised to ensure patient anonymity.
Pathological criteria
Records were collected from the Pathology Department of the First Affiliated Hospital of Xi'an Jiaotong University, and were examined by at least two experienced pathologists, along with puncture or surgery biopsy samples. Tumor staging was based on 7th American Joint Committee on Cancer system. Pathological type and histological grade were determined using the World Health Organization classification. ER, PR, Her2 status, and Ki67 proliferation index were assessed by immunohistochemistry. Based on the criteria of the 2007 American Society of Clinical Oncology/College of American Pathologists scoring system, ER or PR were considered positive when > 10% cells were stained in the nucleus. Her2 status was graded from 0 to 3+. Zero and 1+ were regarded as Her2 negative, and 3+ as positive. When a tumor presents with Her2 2+, further assessment by FISH is recommended. A quantitative test of the Ki67 index has been conducted since 2009 in our hospital, and after communication with pathologists, prior records were regarded as > 14% when marked positive.
Tumors were classified into four subtypes based on ER, PR, Her2, and Ki67 status. Because data was incomplete for Ki67, hormone receptor positive tumors with unknown Ki67 were categorized as luminal A with positive ER, and the remainder were categorized as luminal B. The four types were thus categorized as follows: (i) luminal A: ER or PR positive, Her2 negative, Ki67 < 14% or negative, and ER positive, any PR status, Her2 negative, unknown Ki67; (ii) luminal B: ER or PR positive, Her2 negative, Ki67 ≥ 14%, and ER or PR positive, Her2 positive, unknown Ki67 but cannot be categorized as luminal A; (iii) Her2 overexpression: ER negative, PR negative, Her2 positive; and (iv) triple negative (TN): ER, PR and Her2 were negative.
Statistical methods
Patients were divided into subgroups based on age or molecular type. A Pearson's chi-squared (χ 2 ) test was performed to determine the differences in clinicopathological factors between the groups. Overall survival (OS) was defined as the time from diagnosis of BC to the time of death from any cause or loss of contact. Patients were followed until last known follow-up, death, or to December 31, 2013, whichever occurred first. Cumulative survival probabilities (OS rates) were calculated using Kaplan-Meier curves. Multiple-factor analysis was conducted by Cox proportional hazards model. Statistical analyses were performed using SPSS version 21.0 (IBM Corp., Armonk, NY, USA). All statistical tests were two-tailed, and P < 0.05 was considered significant.
Results
Baseline clinicopathological features and treatment
A total of 1287 BC patients were included in the study. The patients' baseline features and treatment methods used are presented in Table 1 .
The median age at diagnosis was 50 years, and most patients were aged between 40 and 60 years. With regard to pathological features, the average tumor size was 2.65 cm (range 1.31-3.99 cm). Small tumors were rare: only seven tumors were < 0.5 cm, while 95 tumors were 0.5-1 cm. More than half (55.4%) of the patients had negative ipsilateral axillary lymph nodes, but 21.0% patients had tumor metastasis in > 4 lymph nodes. Most of the patients (42.7%) had luminal A tumors, followed by luminal B (25.6%), TN (17.7%), and only 120 patients (9.3%) had tumors with Her2 overexpression.
All 1287 patients underwent surgery at the time of diagnosis, followed by treatment: 57% of patients were administered adjuvant chemotherapy, 13.8% adjuvant radiotherapy, and 22.4% endocrine therapy.
Clinicopathological features of different age groups
To investigate the relationship between clinicopathological features and patient ages, all patients were divided into groups: Table 2 represents the distribution of five age groups, Table 3 represents the 35 year cut-off.
Patients aged < 30 had the largest tumors at > 5 cm, while those aged > 60 years had relatively smaller tumors. No trend was observed in tumor size by age group, but a majority of the patients in each age group had tumors ranging from 2 cm to 5 cm (< 30 = 47.6%, 30-39 = 54.9%, 40-49 = 49.5%, 50-59 = 54.9%, > 60 = 50.5%). In regard to tumor stage, in each age group > 70% patients had stage I or II tumors, and this result did not vary greatly between the groups (< 30 = 76.2%, 30-39 = 76.8%, 40-49 = 80.2%, 50-59 = 72.6%, > 60 = 79.2%). A significant difference was observed in terms of histology (P < 0.001). Patients aged 50-59 had the largest proportion (10.4%) of well-differentiated tumors. By contrast, more patients in the 30-39 age group displayed grade 3 disease (65.8%). In addition, a statistical difference was observed between molecular subtypes and age (P = 0.001). Patients aged ≥ 60 had more luminal A tumors (52.7%), while those aged 40-49 had more luminal B tumors (31.4%). In contrast, patients aged < 30 had fewer luminal type tumors (28.1%) than any other group, while the highest proportion of tumors with Her2 overexpression was observed in the 50-59 age group (11.9%). Table 3 illustrates the comparison between patients aged < 35 and ≥ 35. Although patients aged < 35 made up only 6.0% of the total sample, large tumors were more common in this subgroup (2.80 cm vs. 2.64 cm). Younger patients had fewer negative lymph nodes (49.3% vs. 55.8%), metastasis in ≥ 4 (26.0% vs. 20.7%) lymph nodes, tended to have late stage and poorly differentiated tumors (although these results were not statically significant at P = 0.39 and P = 0.15, respectively) and more TN tumors (23.4% vs. 22.3%; P = 0.84).
Clinicopathological features of different molecular subtypes
Each molecular subtype had specific pathological features; the data is summarized in Table 4 . Luminal type tumors were moderate. Most luminal A tumors were ≤ 2 cm, with negative lymph node metastasis, and displayed 52.6% grade 1 and 2 histology. In comparison, luminal B tumors were the smallest on 
Survival
The median follow up was 33 months (range 3-134). The three-year OS rate for these early stage breast cancer patients was 95.0%, and five-year OS was 90.8%. Figure 1 shows the survival curves categorized by the five age groups. The youngest group displayed the poorest prognosis. Figure 2 shows the survival curves grouped by the cut-off age: patients aged < 35 exhibited statistically significantly poorer five-year OS at 78.4%, compared to the ≥ 35 age group at 98.4% (P = 0.02).
Survival curves according to different molecular subtypes are summarized in Figure 3 . Four separate curves were represented by P < 0.001. The five-year OS rate in each group was: luminal A 97.3%, luminal B 94.1%, Her2 overexpression 67.6%, and TN 66.5%. In pairwise comparison, luminal A or B had statistically different prognoses compared to the Her2 or TN groups (P < 0.005), but the difference in outcomes between Her2 and TN patients was not significant (P = 0.152).
Cox regression analysis of the predictors, including age, tumor stage, histology grade, molecular subtype, and Ki67 index was conducted. After adjusting for the influence of other factors, tumor stage (P = 0.012) and molecular subtype (P = 0.014) were significant survival predictors. Age at diagnosis, histological grade, and Ki67 index did not affect OS (P = 0.466, P = 0.172, and P = 0.312, respectively.)
Discussion
Breast cancer is a heterogenetic cancer that exhibits varied clinicopathological features and survival between different age groups, races, and regions. Keegan et al. analyzed 5605 women aged 15-39 and illustrated higher proportions of HR+/HER2+, triple-negative, and stage III/IV, high-grade 15 The present study, which included 1287 patients, analyzed BC features and outcomes between different ages and molecular types, in BC patients in Xi'an, a region few previous studies have examined.
Baseline clinicopathological features of breast cancer
The median age at diagnosis of the patient sample in this study was 50 years, similar to previous studies of Hubei (50 years), 12 Sichuan (47 years), 16 and Guangzhou (47.5 years), 11 indicating that age at diagnosis did not vary greatly within China. When compared to other countries, the age at diagnosis in China was younger. Nguyen et al. 5 reported a median age of 55 in Boston, Yi et al. 4 observed a similar result of 56 years in an Asian population, Robles-Castillo et al. 17 reported 53.6 years in Mexico and Vasconcelos et al. 18 reported 56.4 years in German patients. Ethnicity may be a reason for this difference; however, the screening practice cannot be ignored. Effective screening can result in diagnosis at an earlier age without causing overdiagnosis, and should be pursued by clinicians. Much attention has been paid to small sized tumors in recent years, because T1a,bN0 tumors generally present with a good prognosis. Information from large population databases of untreated T1a,bN0M0 patients demonstrated relatively low cancer-related mortality rates at 15 years (< 10%). 19 21 In the present study, five out of 1287 patients were diagnosed with T1aN0M0 and 65 with T1bN0M0. Our sample of data covering 10 years only yielded 70 patients with T1a,bN0 tumors, reflecting a lack of screening and awareness of self-checking in women in northwest China. If we can discover tumors earlier, we can expect better survival with less treatment. Clinicians and policy makers need to provide greater education to the public in order to effect earlier BC diagnosis. Ki67 has become an important pathological biomarker in routine clinical practice, and can improve the accuracy of pathological models to determine distant BC recurrence. 22 Although our quantitative data was incomplete, our Ki67 results statistically different between age groups, similar to previous studies, indicating that the recommended cut-off value of 14% was meaningful and suitable.
Clinicopathological features of different age groups
The definition of "young" BC patients is not uniform throughout the world; however, we defined 35 years as a significant turning point for our study, and our results were consistent with those from other countries. 23, 24 Although only 6.0% of patients were aged < 35 in the present study, aggressive features in this subgroup were observed: younger patients tended to have larger tumors, metastasis in > 4 lymph nodes, grade 2 or 3 histology, non-luminal types, and higher Ki67. In line with the results of previous studies based on foreign patients [23] [24] [25] and other provinces of China, 26, 27 younger patients were more often in advanced stage, with lower rates of ER positive expression, higher histological grades, and greater peritumoral vascular invasion. Figure 2 displays the poorer prognosis in younger patients, which has also been observed in clinical work and reported by previous studies. 28, 29 included more patients with luminal types, especially luminal A, which seemed to offer a better prognosis. These differences might be explained by the different definitions of ER, PR, and Ki67 positive; the sensitivity of pathological test methods; and ethnic differences.
Regarding the relationship between age and molecular subtype, the luminal A type was more common in older patients, while middle-aged patients tended to have luminal B, and younger patients were more likely to have TN tumors. In the present study, each molecular subtype had its own specific features. Luminal A type showed moderate features, more than half of the patients had tumors < 2 cm, no lymph node metastasis, and relatively well-differentiated histology, consistent with previous studies and observations in clinical work. 6, 11, 30, 31 Data from TCGA and METABRIC databases also showed poorer outcomes in patients with Her2 overexpression. 34 The TN group was the youngest of the four types, with an average age of 48.4 years. Previous studies have reported average ages of 42.3 to 51 years, indicating a trend in younger patients. 5, 11, 32, 33, 35 Another significant feature was that the TN group had the largest proportion of poorly-differentiated tumors. Nguyen et al. reported that 88% of grade 3 tumors in an American population were TN tumors. 5 Kumar et al. reported 64.3% in an Indian population. 31 All of these findings indicate that TN displays invasive behavior and a poor prognosis.
Treatment of breast cancer
We included 879 (68.3%) hormone receptor positive women in our study, but only 285 (32.4%) were treated with endocrine therapy in any phase of their treatment. This proportion is much lower than in Chengdu 16 and Guangzhou, 11 at 54.4% and 69.8%, respectively, let alone the proportion from developed countries. 36 This result may be explained by a loss of data during follow-up or the fact that some patients did not realize that oral drugs were endocrine agents. Additionally, the use of non-standard treatment cannot be ignored, as patients were not advised to take endocrine agents after previous treatment. Although there are different opinions of how long endocrine therapy should be continued and the choice of drugs, clinicians need to be aware of indications for endocrine therapy.
Trastuzumab, a targeting drug, is strongly recommended for Her2 positive patients. Trastuzumab was indicated as adjuvant chemotherapy for 164 patients in our study sample, but only 10 patients were actually treated with trastuzumab. This may be explained by the fact that our data covered a period when trastuzumab was progressively being introduced into clinical practice and was not covered by medical insurance, as such, economic factors may have influenced the decision to a large extent in the northwest district, and it may indicate a lack of cooperation between doctors with different specialties. During the past two years, charity events have publicized trastuzumab, resulting in an increase in use. Two studies are currently underway in Nv Wa and Jing Wei, covering multiple medical centers in China and our hospital is one of the centers providing data of patients administered trastuzumab for late period treatment.
Short-term survival analysis
The majority of patients in our study were diagnosed in recent years, and as a result the median follow-up was 33 months. The five-year OS rate was 91.0%, mainly because of the exclusion of patients with stage IV disease. Kaplan-Meier curves in Figures 1 and 2 show that younger patients had significantly poorer OS rates than older women. Survival curves grouped by molecular subtypes demonstrated similar results to previous reports. 16, 30, 34 The results of multivariate regression indicated that tumor stage and molecular subtype were predictors of OS in the present study, which has also been demonstrated by other studies. 15 Therefore, it is important to divide patients into different subgroups, which could guide treatment and reexamination processes.
There were some limitations to the present study. First, as a retrospective study including 10 years of patient data, some data was missing, resulting in inaccuracies when grouping. Second, ER and PR positive were initially defined with a cut-off value of 10%, but were altered to 1% now, and as such, tumors with positive staining between 1% and 9% might be defined as HR negative here. Third, more patients were diagnosed in recent years, resulting in a relatively short follow-up time. A longer follow-up period would ensure greater data capture.
This retrospective study included 1287 early BC patients from a single medical center located in northwest China, which reflects the real world clinicopathological features, treatment, and survival of BC. Our results are consistent with those from other provinces of China, including age at diagnosis, average tumor size, distribution of stage and molecular subtypes, and OS rates. However, when compared to data from developed countries, the present study showed an earlier age at diagnosis, fewer small sized tumors, more stage III tumors, and more patients with Her-2 and TN types. Each molecular subtype has its own specific features and survival, which were also considered a predictor of OS, indicating the importance of considering such features when choosing groups and treatment strategies. Overall, this retrospective study analyzed the clinicopathological features, treatment, and survival of early BC patients, reflecting the situation of diagnosis and treatment in Xi'an over the past 10 years.
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